Dense coding has been implemented using the generalized Grover's algorithm and its inverse operation. Exploiting the superpositions of two Einstein-Podolsky-Rosen (EPR) states, messages that are possible to be transmitted increase. Our scheme is demonstrated using nuclear mag- 
In our previous work, we have synthesized EPR states using the generalized Grover's algorithm and demonstrated the experimental results using nuclear magnetic resonance (NMR) [5] . In this paper, we will implement dense coding using the algorithm and demonstrate the scheme using NMR. arbitrary state of the two-particle system can be expanded in terms of them.
2.Synthesizing the superpositions of EPR states
For an example, | ↑↑>= (|ψ 1 > +|ψ 2 >)/ √ 2.
A.Manipulation of one particle in EPR states
The manipulation of particle 2 is chosen as R 
where I 
Using these two equations, R 
R 2 y (θ)|ψ 2 >= |ψ 2 > cos(θ/2) − |ψ 3 > sin(θ/2),
R 2 y (θ) causes rotations of the EPR states which are shown in Fig.1 , where the black vectors denote the new states after rotations. In Fig.1(a Similarly, if the manipulation is chosen as R 2
, and
x (θ) also causes rotations of the EPR states. For example, it rotates |ψ 1 > by θ/2 radians in the space spanned by |ψ 1 > and i|ψ 3 >.
B.The generalized Grover's algorithm
For a two-qubit system, the generalized Grover's algorithm can be described as follows [6] . The unitary operator U is chosen as
is represented as
where c k (k = 1, 2) and s k are defined as c k ≡ cos(ϕ k /2), and s k ≡ sin(ϕ k /2). 
If the predefined basis state is chosen as |s >= | ↑↑>, the condition phase shift is represented as
A composite operator G is defined as
and
which are expressed by
G j transform | ↑↑> to the four EPR states, where the initialization step is
. We apply G j to other basis states, i.e., the initial distribution of marked and unmarked states is changed [7] , and obtain some useful results.
If G j is applied to | ↓↓>, the initialization step is U j | ↓↓>, and the results are also the four EPR states. However, G j transform | ↑↓> and | ↓↑> to the superpositions of EPR states. If G = G 2 , one obtains
using Eq. (12) . Table 1 shows the results of the applications of G j to various basis states. In Table 1 , the top row lists the basis states, the left column lists G j , and the others are results, in which the irrelevant overall phase factors can be ignored. The superpositions of EPR states in Table 1 can be obtained through rotating EPR states using Eqs. (4)- (7) by setting θ = π/2
or −π/2. For example, one can obtain Eqs. (17) and (18) from Eq. (4), by setting θ = π/2 and −π/2, respectively. 
Because all the operators in G are reversible, one can obtain
transform the results in Table 1 to the corresponding basis states. For example, G −1
and G −1
Similarly, when U is chosen as
x (π/4), and 
respectively.
3.Scheme of dense coding using the generalized Grover's algorithm
The scheme is shown in Fig. 2 , where 1 and 2 denote two quantum systems (qubits) with two states | ↑> and | ↓>, and |xy > denotes the output basis states. G denotes the operation used to synthesize the starting EPR state using the generalized Grover's algorithm. V denotes one out of four manipulations of qubit 2 so that the two qubit system lies in one of four entangled states, including two EPR states and two superpositions of EPR states. The four manipulations are represented as V 1 = I (identity manipulation, i.e., nothing being done),
and σ z = −iR z (π) = −ie iπIz . G −1 denotes the inversion of G, and it implements the decoding measurement of the whole system. G −1 transforms the entangled state to the corresponding output state, by which Alice reads the encoded information. In the scheme, two bits of information are transmitted. Now, we discuss an example. Let |ψ 2 > be the starting EPR state by Table 1 . Table 2 shows the correspondence between the starting EPR states and the output states. In Table 2 , the top row lists the starting EPR states, the left column lists the four manipulations in dense coding, and the others are the output states. 
and V is chosen as V
the scheme shown in Fig. 2 
Demonstrating the scheme using NMR
Our experiments use a sample of carbon-13 labelled chloroform dissolved in d6-acetone. Data are taken at room temperature with a Bruker DRX 500
MHz spectrometer. The resonance frequencies ν 1 = 125.76 MHz for 13 C, and ν 2 = 500.13 MHz for 1 H. The coupling constant J is measured to be 215
Hz. If the magnetic field is along z axis, the Hamiltonian of this system is represented as [8] 
In the rotating frame of spin k, the evolution caused by a radio-frequency (rf) pulse on resonance along x or −y axis is represented as R 
The pseudo-pure state is prepared by using spatial averaging [9] . The system in the equilibrium state is described by its deviation density matrix [10] ρ eq = γ 1 I
where γ k denotes the gyromagnetic ratio of spin k. The following rf and 1,2
x denotes a nonselective pulse (hard pulse).
The evolution caused by the pulse sequence 1/4J − [π]
1,2
is equivalent to the coupled-spin evolution [1/2J] described in Eq.(20) [13] .
[π]
x pulses are applied in pairs each of which take opposite phases in order to reduce the error accumulation causes by imperfect calibration of π-pulses
we synthesize NMR analogs of EPR states (pseudo-EPR states) using the generalized Grover's algorithm. Using Eq. (8) When the system lies in state | ↑↑>, the carbon spectrum shown in Fig.3(a) and proton spectrum shown in Fig.3 
4.Discussion
Two sets of messages can be transmitted by choosing two kinds of U in decoding measurement. One kind takes form R that the two forms are equivalent in synthesizing |ψ 1 >. Bob manipulates particle 2 via one of unitary operators in the two sets, and manipulates the ancilla system to denote which set the operator is in. Then he sends particle 2 and the ancilla system to Alice. Alice first determines the set in which the message lies by measuring the ancilla system. According to the measurement result, she chooses the proper kind of U to read the encoding information through the decoding measurement as shown in Fig. 2 . Because the ancilla system is independent of the two original particles in the entangled state, the scheme is easy to carry out.
5.Conlusion
We combine quantum communication with the quantum search algorithm, and propose a scheme of dense coding using the generalized Grover's algorithm and its inversion. The experimental results verify our scheme. The superpositions of EPR states are used, and the messages possible to be transmitted increase.
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Figure Captions 2. Scheme of dense coding using the generalized Grover's algorithm. G denotes the operation carrying out the algorithm to synthesize the starting EPR state. V denotes one of the four manipulations of particle 2. 
